The gradients in proportions of polyunsaturated fatty acids probably reflect differences in dietary intake of linoleic acid.
Introduction
The fatty acid composition of adipose tissue provides a stable reflection of long term dietary habits.' Population studies suggest that a low proportion of the essential fatty acid linoleic acid (C 18:2 n-6) in adipose tissue may be associated with an increased risk of coronary heart disease. The Edinburgh-Stockholm study identified an inverse relation between the proportion of linoleic acid in adipose tissue and risk of coronary heart disease by finding a significantly lower proportion of linoleic acid in adipose tissue in apparently healthy Edinburgh men aged 40 compared with similar men in Stockholm, where the mortality from coronary heart disease was one third of that in Edinburgh.2 Similar differences have been observed in apparently healthy men selected at random in Finnish regional studies: men from east Finland, where the mortality from coronary heart disease is almost twice that in west Finland, have lower proportions of linoleic acid in serum lipids than their counterparts in west Finland."4 A crude inverse correlation can be drawn between plasma cholesterol linoleate and mortality from coronary heart disease in Denmark, Sweden, the United States, Scotland, and Finland. ' These findings have been supported by a recent study ofa random 1423 healthy population in the Edinburgh region, where it was found that men with hitherto occult coronary heart disease also had a significantly lower proportion of linoleic acid in their adipose tissue than healthy men. 6 On the other hand, a similar proportion of linoleic acid in adipose tissue to that observed in the healthy Scottish men has been reported from Crete and Greece, where the mortality from coronary heart disease is much lower, but the ratio of polyunsaturated to saturated fatty acids was much higher than that in Scotland. The hypothesis that there is an inverse relation between linoleic acid in the adipose tissue or the ratio of polyunsaturated to saturated fatty acids and mortality from coronary heart disease has now been studied further by cross sectional surveys of random population samples from four specific areas (three rural and one urban) with differing mortalities from coronary heart disease in 1979-namely, Edinburgh, Scotland (mortality 140/100 000); north Karelia, Finland (212/100000); south west Finland (146/100 000 (Finnish data 1978-80)), and the area round Sapri, Italy (43/100 000). The results from Finland and Edinburgh, which have some of the highest mortalities from coronary heart disease in the world, are presented in this paper and contrasted with those from the Sapri area, Italy. Overall statistical differences between the four regions by Kruskal-Wallis one way analysis of variance not shown: all were highly significant (p<0 001' except for 18:3n-3 (NS).
*Inter-region comparisons were made by follow up pairwise comparisons using the Nemenyi procedure.
tNo of carbon atoms: No of unsaturated carbon-carbon bonds and No of carbon atoms in terminal methyl group counting from last double bond.
j p<O -05 after log transformation. §p<0-01 after log transformation.
Pakistan): these nine were excluded, leaving 131 subjects (mean (SEM) age 46-1 (0 3) years). North Karelia and south west Finland-A random sample of 269 men aged 40-49 from semiurban communities (nine from north Karelia and 12 from south west Finland) was identified in connection with the MONICA project (an international project sponsored by the WHO to monitor trends in cholesterol and coronary artery disease). The overall response rate was 810% (80% and 82% respectively). Five subjects were excluded, three because of a history of coronary heart disease (two with myocardial infarction and one with angina pectoris) and two because of medically prescribed diets for diabetes mellitus. In 28 subjects fatty acids in adipose tissue were not analysed, and these were therefore also excluded from this study. The final sample size was 185: 102 men from north Karelia aged 44 3 (0 3) years and 83 men from south west Finland aged 44-1 (0 3) years.
Sapn', Italy A random sample of 120 men aged 40-49 from rural and semiurban communities in the region of Sapri (south Italy) was drawn for the study. Five had left the country and the remaining 115 were invited to participate, of whom 79 were examined (overall response rate 69%). Of these, five were excluded, four because of a history of coronary heart disease (two with myocardial infarction and two with angina) and one because of a history of intermittent claudication. The final sample comprised 74 men aged 45 6 (0 4) years.
CLINICAL PROCEDURES
Clinical procedures were standardised at each participating centre after an initial common training scheme. The men attended on a Tuesday, Wednesday, or Thursday morning, and in Finland on Monday and Friday mornings also, between 9 am and 1 pm after a light breakfast (tea or coffee and toast). A few men who could not be seen on these days were seen on Saturday in Edinburgh, or on Sunday morning in Italy. A questionnaire was completed to ascertain demographic and social information including main lifetime occupation, medical history, smoking habit, intake of alcohol during the previous week, medically prescribed diet, and consumption of vitamin pills and fruit juice. The WHO chest pain questionnaire was also completed .
Anthropometric measurements were made with the men stripped to the waist and included height (calibrated measuring stick) and weight (Seca weighing scales, model 76). Duplicate measurements of supine blood pressure to the nearest 2 mm Hg were made by one observer on the right arm using a Hawksley random zero sphygmomanometer with the diastolic pressure measured at phase V.
An 
/100 ml), using phosphotungstate: Edinburgh -11-6%, Helsinki -810%, Naples -2 3%), as did the analysis of triglycerides (assigned value 1 90 mmol/l (168-2 mg 100 ml): Edinburgh-7 -4%, Helsinki -5 *1%; Naples -10 10%).
The results for cholesterol, triglyceride, and high density lipoprotein cholesterol were adjusted in each of the three participating laboratories using the WHO Lipid Centre quality control data (100%-bias % A result 100 xrsl) STATISTICAL 
ANALYSIS
As many of the variables were highly skewed Kruskal-Wallis one way analysis of variance was used for overall comparisons among the four regions, and follow up tests between all pairs of regions were carried out using the Nemenyi procedure. "' A x, test was used to compare the regions for the proportion of current cigarette smokers. Relations between quantitative variables were tested by Spearman rank correlation. Differences between regions in fatty acid composition after correction for other known risk factors were tested using multiple linear regression on the logarithms of the values for fatty acids. The results are presented as means (SEM) and are considered to be significant if p<005.
Results
ANTHROPOMETRIC AND CLINICAL DATA Table I shows the anthropometric measurements and serum lipid concentrations of the men from the four regions. Men from south west Finland were taller than men from all other regions, and the Italian men were shortest. There was an overall difference in body weight between the countries: Finnish men were heavier than their Scottish and Italian counterparts. These differences were less obvious when allowance was made for the differences in height (Quetelet's index).
Systolic and diastolic blood pressures were significantly different between the regions; the highest pressures were recorded in Finland and the lowest in Italy. There was no significant gradient in blood pressure in Finland. More alcohol was consumed by the Italian men than by their Scottish and Finnish counterparts in that order. The regional difference in coronary heart disease in Finland was not reflected by a gradient in alcohol consumption. There was no difference between regions in the prevalence of smoking.
LIPID DATA Serum cholesterol concentrations reflected the known gradient in mortality from coronary heart disease: the highest concentrations were recorded in north Karelia, followed by south west Finland, Scotland, and Italy. High density lipoprotein cholesterol concentrations were also highest in Finland and lowest in Italy. "Non-fasting" serum triglyceride concentrations were not significantly different.
FATTY ACID COMPOSITION OF ADIPOSE TISSUE
The proportion of linoleic acid in adipose tissue was lower in north Karelia than in south west Finland and Scotland, and much lower in these centres than in Italy (table II). In comparison with Italy the cumulative frequency distribution curves for the three north European centres ( figure) showed a noticeable shift to the left (lower proportions). The biggest shift was observed for north Karelian men, followed by slightly smaller shifts for south west Finnish and Edinburgh men, in that order. The linoleic acid derivative dihomo-,-linolenic acid (20:3n-6) was highest in adipose tissue in Italy, intermediate in Scotland, and lowest in north Karelia. A simple two sample comparison of the Finnish regions showed a significant difference for both linoleic acid (lower in north Karelia, p<0*05, Student's t test after log transformation) and dihomo-y-linolenic acid (lower in north Karelia, p<OO1, Student's t test). Arachidonic acid (20:4n-6) in adipose tissue was much higher in Italy than elsewhere. Trace concentrations of eicosapentaenoic acid (20:5n-3) in adipose tissue were higher in Finland than in Edinburgh and Sapri. There was no difference in (L-linolenic acid (18:3n-3). Saturated fattv acids were present in higher concentrations in adipose tissue of the men from the areas with high mortality from coronary heart disease, the differences being more pronounced in myristic acid (14:0) and stearic acid (18:0) than in palmitic acid (16:0). As might be expected from the consumption of olive oil in Italy, there was a higher proportion of the monounsaturated fatty acid oleic acid 18:1 n-9) in the adipose tissue of Italian men. Other monounsaturated fatty acids were lower in Italy.
The differences between regions in individual fatty acids in adipose tissue resulted in highly significant gradients in the ratio of polyunsaturated to saturated fattv acids and the sum of saturated. monounsaturated, and polyunsaturated fattv acids. The figure shows the frequency distribution of the ratio of polyunsaturated to saturated fat in adipose tissue.
CORRELATIONS AND REGRESSIONS
Many correlations were made in the four regions between the relative concentrations of linoleic acid, saturated fatty acids, and polyunsaturated fatty acids, the ratio of polyunsaturated to saturated fatty acids in adipose tissue, and the classical risk factors for coronary heart disease: high serum cholesterol concentration, low HDL cholesterol concentration, age, blood BRITISH MEDICAL JOURNAL VOLUME 292 31 MAY 1986 pressure, smoking., and obesity 'Quetelet's index!. Few were significant ( No strong correlation between fatty acid composition of adipose tissue and blood pressure was observed; in north Kareila, however, the proportion of linoleic acid in adipose tissue was inversely related to diastolic but not systolic blood pressure, and in Sapri the total proportion o0 saturated fatty acids was positively correlated with systolic and diastolic blood pressure.' The most consistent negative correlation observed was between the proportion of saturated fattv acids in adipose tissue and obesity in three of the four regions (not in Sapri). ii, u
Thus there was generally little relation between the fatty acid composition ofadipose tissue and known risk factors for coronary heart disease in the four regions. This suggested that differences among the regions in these factors were unlikely to explain the observed difference in the proportions of fatty acids, and therefore a series ofmultiple regressions was done to test this. The variables tested were the proportion of linoleic acid in adipose tissue, ratio of polyunsaturated to saturated fatty acids, and total proportions of saturated fatty acids and polyunsaturated fatty acids. In each case logarithms of the values were used to correct for skewness. As the two Finnish regions showed little difference in any of the fatty acid concentrations the data were amalgamated and pairwise comparisons made between the three countries. In addition, the known risk factors for coronary heart disease were included in each regression as "explanatory" variables. The difference in the proportion of linoleic acid in adipose tissue between the three countries remained highly significant when the other variables were taken into account (p<O-OOl). This was also true for the ratio of polyunsaturated to saturated fatty acids in adipose tissue and the total proportions of saturated fatty acids and polyunsaturated fatty acids.
Discussion
Linoleic acid is an essential fatty acid that cannot be synthesised in man, and these findings probably reflect the dietary habits of these populations. In this study we did not estimate the intake of dietary linoleic acid, but we have previously shown that the relative proportion of linoleic acid in adipose tissue is positively correlated (r=0-6, p<0001) with the proportion of dietary linoleic acid as determined by seven day prospective weighed diets in 164 Edinburgh men.'2 This observation is true whether dietary intake of linoleic acid is expr'essed as g/day, proportion of total fatty acids, or proportion of energy. The possibility of selective differences in absorption of fatty acids, transport in plasma, esterification, storage, and mobilisation or oxidation in subjects susceptible to coronary heart disease should not be ignored, and this now requires study.
Within populations the proportion of linoleic acid in plasma cholesterol esters, platelets, red cell membranes, and adipose tissue has been shown to be lower in patients with coronary heart disease. A recent prospective study from Finland showed that a low linoleic acid content in serum phospholipids might be an independent predictor ofcoronary heart disease. 13 In a recent Scottish study a low concentration of linoleic acid in adipose tissue was found in men with hitherto occult coronary heart disease, and the saturationelongation product of linoleic acid, dihomo-y-linolenic acid (20:3n-6), was even more powerfully and independently related to coronary heart disease.6 In this study the proportions of dihomo-ylinolenic acid were also low in the regions of high mortality.
There were also striking differences between the four regions in proportions ofsaturated and monounsaturated fatty acids in adipose tissue. Myristic acid is the only fatty acid other than linoleate strongly related to dietary intake (r=0-5-0-7; p<O-001).'2 The higher proportions of myristic acid in adipose tissue in Finnish and Scottish men probably reflect a higher intake of butter fat in these countries, as butter fat is the most important dietary source of this fatty acid. The higher proportion of oleic acid in Italian men was as expected because of the high consumption of olive oil in that country.
Interpretation of differences in proportions of fatty acids is difficult because of the mathematical interdependence of the constituents. Thus the proportion of minor components seems to change as a result of a change in the proportion of a major component. The fact that only two fatty acids, myristic and linoleic acid, strongly correlated with their dietary intake therefore makes these differences even more important. A prospective study on the composition offatty acids in the diet and adipose tissue in relation to the development of coronary heart disease is indicated.
There is increasing evidence of a relation between the fatty acid composition ofadipose tissue and blood pressure." '4 The difference between regions in linoleic acid in adipose tissue could not, however, be explained by the known relation between blood pressure and coronary heart disease. Nor could the difference in linoleic acid content or fatty acid composition of adipose tissue be explained by their relation with other known risk factors for coronary heart disease-age, Quetelet's index, smoking, and serum and high density lipoprotein cholesterol concentrations. In every case the differences between countries remained highly significant when the other variables were taken into account. Total serum cholesterol concentrations and high density lipoprotein cholesterol concentrations generally reflected the gradients in mortality from coronary heart disease between the regions, being lowest in Italy, intermediate in Scotland, -and highest in north Karelia (19% higher than in Italy). These -results agree with -observations that populations with high total cholesterol concentrations also have hi-gh concentrations of high density lipoprotein cholesterol and that low concentrations of high density lipoprotein cholesterol are related to the development of coronary heart disease only within a certain population,'5 though this has been questioned recently.'6 This regional difference in high density lipoprotein cholesterol c'oncentrations cannot be explained by a high alcohol consumption in Finland or by a higher triglyceride concentration in Italy. The low high density lipoprotein cholesterol concentration in Italy accords with the finding that diets rich in linoleic acid or with a high ratio of polyunsaturated to saturated fatty acids lowered high density lipoprotein 'cholesterol-concentrations.'" Possibly the amount of high density lipoprotein cholesterol relative to total or low density lipoprotein cholesterol is more important. This view is supported by the finding that the ratio ofhigh density lipoprotein to low density lipoprotein cholesterol appears to be a better predictor for coronary heart-;disease.'8 Furthermore, not all high density lipoprotein subfractions may be equally effective in preventing coronary heart disease, and neither high density lipoprotein subfractions (HDL2 and HDL3) nor apoproteins were measured.
The relation between linoleic acid in adipose tissae, naturally occurring antioxidants (I1 carotene and vitamins E and C), and coronary heart disease needs investigation. A parallel survey of concentrations of these antioxidants in Finnish, Scottish, and Italian men in relation to the mortality from coronary heart disease in these countries has been conducted and will be reported elsewhere.
